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MEMORANDUM REPORT 

for the 

Army Air Forces,  Materiel Command 

"'TND-TUNNEL TESTS  ^F THE 1/9-30AU MODEL 

OF THE C^TRTISS XP-62 AIRPLANE 'TTH 

VARIOUS VERTICAL *TAIL ARRANGEMENTS'     '   '       •      ' 

fcy I    G.  Recant and Arthur R.   '"allaco 

INTRODUCTION 

At  the roquept  of the Army Air Forces  tests were nac.e 

of the l/9-3oale ^odel of the Curtiss X?-£>2 ainlane in the 

DIAL 7- by 10-foot tunnel. 

Yaw tests were made  of the 1/0-scale model v;ith power 

and with oropellef windmilling.     Enough variations  of the 

vertical tall were tested to determine  the following effects 

with rudder free or fixed: 

1. Effect  of vertical tail area, asoect  ratio,  and 

plan form 

2. Effect of increasing vertical tail length 

5. Effect of a variety of dorsal fins 

I.:. Effect r«f end olates or. horizontal tall 

5. "Iffeet of rudder chord 

6. Effect of rudder balance 

7. Effect of a bevel trail!ag edge 

3. Effect of a balancing tab 
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The purpose of the tssts was to determine tho directional 

stability and rudder control characteristics with the above  \ 

vertical tail variations. 3 

MODEL 

The l/9-acale model of the Curtiss XP-62 airplane was 

furnished by the  Curtiss  company.    It is ^hownin figures  1, 

2(a),  and 2(b).     The model was not checked for accuraoy 

but all surfaces were found to be fair and finished in a 

satisfactory manner. 

The dual-rotation power ^lant wap built and installed In 

the model at the Laboratory.    The power plant consisted of 

a frame  ruoportlng two water-cooled  Induction motors,  one for 

each propeller since  the two propellers were, not geared 

together.    The  front propeller was driven directly by an 

extension of ^ne motor shaft,   and the rear propeller was 
1 

driven by two spur gears whioh can bo seen in figures 2(a) 

and 2(b).    The three-blade metal propellers and hubs were 

furnished with the model.     The diameter of the36 propellers 

was not to scale, being 1*555 feet a3  compared to the  scaled 

value of 1.1)62 feet.     Both propellers were set at a 15° 

blade  angle at  O.75 radius  for all tests.     Motor soeed 

was measured by a cathode-ray oscillograph which indi- 

cated the output of a small alternator built into each 

motor. 

. 
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Three additional  vertical tall  surfaces were  suoplled 

with the r<odel, each <->f which has Interchangeable rudder 

nose  pieces  and n»at'ng fin blocks  s«  that  the  rudder 

balance  c^uld be changed.     A bevel trailing edge was built 

uo on one of the rudders.     After testing,   the bevel trailing 

edge  was  re-noved and  a tab installed.     One  of the  tails was 

tested in conjunction with end plates on the horizontal 

tail  and  also with the  fuselage extended L. Inches  on the 

model.    Descriptions and other data oertainlng to the 

various  vertical tails  tested are  given in table   I. 

Several dorsal  fins were made  at the  Laboratory and are 

shown in figure  16.     Some "of >.he dorsal  fins are  shown In 

place in several  of tho photographs.     The dorsal fins  are 

shown as attached to tall VR.    'When attached to other verti- 

cal tails the dorsal  fins were  cut so that they could be  bent 

to fit  the  angle between fuselage   and fins.     The over-all 

length of the dorsals  for tails other than VR thus deoarts 

from the  length given in figure  16 but  the  area and shape 

were not materially changed.     For some  of the tests, 

antlspln fillets were  installed as  shown in figures  17'a) 

and 17(b).     The  antisn'n fillets  also  apoear on figures  13 

and 15. 

Rudder hinge moments were measured by an electrically 

indicating strain gage supplied by tho  Laboratory. 
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Teat conditions.   - The  tests were made  In the 

LI'AL 7- by 10-foot tunnel at dynamic pressures  of 16.37 

and 0.21 pounds per square foot,  corresponding to 00 and 

60 riles per hour for standard sea-level conditions.     The 

test Reynolds numbers v/ero about 71°»°90 and 530,000 

based on the wir.g tisan aerodynamic chord of 11.63  inches. 

Because of the turbulence factor of 1.6 for the wind 

tunnel,  the effective Reynolds numbers were about 

1,100,000 and 850.OCO. 

Coefficients and symbols.  -  The results of the tests 

are presented in standard NAflA coefficients  of forces 

and moments based <">n the model w!ng area,  wing span, 

and wing mean aerodynamic chord.     Rolling,  yawing,   and 

pitching-moment coefficients are given about the normal 

center-of-gravity location shown In figure 1  (26.7 per- 

cent «f the mean aerodynamic chord).     The data are 

referred to a system of axes in *hldh the Z axis is 

in t^.e plane of symmetry and perpendicular to  the relative 

wind,  the X axis is in the plane of symmetry and per- 

pendicular to the  Z axis,   and the Y axis i3 perpendicular 

to the plane of symmetry (fig.   lo). 
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The  coefficients and symbols are defined as follows: 

CL      lift coefficient  (Z/qS) 

C^p    rasultant-drag coefficient  (X/qS) 

Cy      lateral-force  coefficient   (Y/qS) 

Cj      rolling-moment coefficient  (L/qSb) 

Cm      pitchinf-moment coefficient   (M/q3c) 

Cn      yawing-moment coefficient  ('VqSb) 

C^      hinge-moment coefficient  (E/qbc ) 

Tc»    effective  thrust coefficient  (T/qS) 

V/riD propeller advance-diameter ratio 

where 

} forces along X, Y, and Z axes, respectively 

L"l K> moments about X, Y, and Z axes, respectively 

H  control-surface hinge moments 

T  effective thru3t 

1   2 q  dynamic pressure (•£ pV ) 

S  wing area (5.18 sq ft) 

c  mean aerodynamic chord of win^ (11.63 in.) 

b  wing span (5.96 ft) 
2 

DC  product of the 3oan and the square of the chord of a 

control surface, in which c" is the root mean square 

chord back of the hinfe line 
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D 

n 

and 

P 

a 

* 

i,. 

propeller diameter 

revolutions ner second ?f propellers 

mass density of air 

angle of attack of thrust line, degrees 

augle of jj •:. degrees 

angle of stabiliser setting with respect to thrust line, 

degrees; positive with trailing edge down 

control-surface deflactions, degrees 

front propeller blade argls at <~. .75 radius (15 ) 
-O, 

Pp 

p^   roar nropallar fclade angle at 0.75 radius (15") 

I.Jt.S.  Indicated airspeed, miles per hour 

Subcripts 

e    elevator 

r    rudder 

f    flap 

t    horizontal tail (tab when used with 6) 

Corrections. - vo corrections have been anplied to the 

data for tires caused by the model support strut.  *Io jet- 

boundary corrections have been applied to any of the data 

given excapt angles of attack and drag coefficients, which 

were corrected as fellows: 

Aa = 6W | CL 57.2 

ACD = 8. § CL8 
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where 

6W      0.113 

S        wing area  (5.1^ sq ft) 

C      wind-tunnal cross-section urea  (69*59 sq ft) 

Test procedure.   - Propeller calibrations were made by 

measuring the  resultant drag with the model at zero angle of 

attack for a ranj'e of propeller sneeds.      Because there wa3 a 

small difference between the speeds of the  front and rear pro- 

pellers,  all the data were arbitrarily based on the  speed of the 

rear propeller.       The effective thrust  ooefficlonto were then 

computed from 

V = CD-C^ 

where CD is the drag coefficient of the model with propeller 

removed.  The propaller calibration is shown in figure 19. 

The thrust coefficients required at any lift coefficient 

for various amounts of power were furnished by the Curtiss 

company and have been reproduced on figure 20.  Since all the 

tests made in the present investigation wore yaw te3t3, they were 

made at constant propeller rpm.  No allowance was made for any 

variation of C^ with yaw or Tc' with yaw and pitch.  (Any 

reference to military oower In this report means military power 

at 20,000 feet as given on fig. .20..) .. 

The first testa were made to determine the most severe con- 

ditions for rudder-free directional stability.  Various dorsal 

- 
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fins were then tested at the determined critical condition; 

that is, taVe-off power, 6f = 45°, and a high-lift coefficient. 

In general, subsequent tests wer9 made with the smallest and 

best shaped dorsal fin -which met requirement II-F-3 of 

reference 1.  This requirement spacifies that the yawing 

moment due to sideslip (rudder free) should be such that the 

airplane will always tend to return to zero sideslip regard- 

less of the angle of sideslip to which it has been forced. 

The rudder tests for tail VR v;ere made at conditions requested 

by the Curtisa company.  All other rudder tests were made at 

the worst condition (determined from the tests) for rudder- 

free stability.  A few additional tests were made to deter- 

mine tha directional stability in the high-speed condition for 

each tail.  Tail-off tests were made for miscellaneous flight 

conditions so that the stability contributed by the vertical 

tail may be isolated. 

Unless otherwise noted, the landing gear was extended 

when flup3 were deflected, and was retracted when flaps were 

neutral.  The stabilizer setting (it) was 2° and the elevator 

setting (5e) was 0° for all tail-on tests.  In all cases the 

propeller blade angle wa3 15c. 

Methods of coirparinr. the, characteristic.3 of the various 

vertical tails. - The pedal forces and rudder deflections re- 

quired to maintain a given angle of steady yaw were determined 

• 
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from the curves of    Gh      and    Cn.    Pedal-force computations 

were  first baser" on the  assumption of th Inches of pedal 

travel  for ±30° of rudder deflection,   the rudder deflec- 

tion being assumed to be 11 nearly proportional  to the 

pedal movement,  and a wing loading of 31? pounds per 

square  foot.     Any pedal  force  resulting  at zero yaw was 

assumed to be trimmed to zero. 

In order to compare the vsrioun tails  on a more 

equitable basis the  rudder deflection for each tail was 

assumed  to bo  limited to the  angle Vhioh trl'nried the 

model at 18° anjle of yaw.   ' The mechanical cdvar.taje  for 

each tail was then based on a pedal movement of h. inches 

to obtain the rudder deflection for trim at lG° of yaw. 

This  angle of yaw was  chosen because  it was  the angle 

held by the least effective rudder with 30° deflection. 

A third basis for comparison of the  various tails  is 

the  rudder angles  and pedal  forces  required to overcome 

the  adverse  aileron yawing moments.     The possibility of 

this requirement becoming critical is imminent inasmuch 

as the requirement for trim at  zero yaw is no problem 

v/ith a rlual-rotation propeller.     The yawing moment duo 

to full aileron deflection was  o"?tiinod from unpublished 

results  of tests of a 0.27-sccle model of the airplane In 

the  Langley 10-foot pressure tunnel.     The  yawing noment 

•due  to rolling was evaluated by use  of the theoretical 
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charts of reference 2 for a wing-tip helix anj/le,    ob/2V, 

of 0.09.     Most of the  tests wore made with take-off power 

at  a moderate  angle of attack.     The  critical condition for 

rudder deflection, however, will be  at a high angle  of 

attac1: with the propeller wlndnilling,  because  the yawing 

moment due  to rolling will be greater at the hlgli  angle  and 

the  rudder effectiveness  lower with the propeller windinilllng. 

The  rudder effectiveness for each tail was  therefore estimated 

from the power-on data for the wi- dmilling condition by assuming 

that the change in effectiveness between tne two conditions 

was a function ^nly of the dynamic pressure  at  the tail.     The 

rudder hinge-moment coefficients for the windinilllng condition 

were estimated in a similar manner. 

The  rudder deflectiors  requirod  to overcome  the  adverse 

aileron yawing moment were  computed from the estimated yawing 

moment  and the  rudder effectiveness.     In computing  the  oedal 

forces,   the mechanical ad van t a ge  for each configuration was 

obtained by assuming ij  inches of Dedal  travel for the rudder 

deflection required to overcame  the aileron yawing moment in 

the wlndnilling condition;   that  is,   <he mechanical  advantage 

varied with each tall  configuration 'out,  for  a given tail,  '"as 

the sare rith propeller winrtr.illing or v.lth  power on. 

Summary of  tests.   - For convenience,   an outline of  the 

tests with  rhe  figures on which the results aopear is given* 

below:     (T^e landing gear was uo when    6^ = 0    and down when 

6f = 1+5°    except  as noted,     pp = PJJ = 15°.    it = 2°« 

6e  = 0.     No ailerons.) 
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Type of test Vertical Tail Fiure 

I Rudder froe to detarmirie most 
critical condition 

of = 45°, take-off power and 
vilndmilling 

B. £.-> = 0°, take-off power and 
wlndrailling 

VR 

m 

21 

22 

II  Tail Off 
• 

III Rudder free with vaiious dorsal 
fins VR I'A 

IV 'iffeet of propellers, rudder fraa VR 25 

V Rudder free at raoet critical 
condition (take-off power, 6f = 45 , 
a = 7.5°) 

A. Comparison of tails 
B. fiffect of end platea and tail 

extension 
C. 3ffsct of antispin fins 
D. Effect of balance 
d.    Effect of balance 
?. Effect of D9vel trailing edps 

..11 

yl.3j.13 

ylboltj yloplS 

V19R19» v20?2 0 
V14R14J5 

26 

27 
28 
29 
30 
31 

VI Rudder locked, rr.i:3cellareou3 tests 
and replots 

A. 
B-                         c C. Comparison of tails, 6f = 0 , 

military nower 20,000 ft, 
a = 5.2° 

5?3R13 

All 

32 
33 

Z4 

VII Rudder del lection 
,..  6f = 0°, military powor, 

20,000 ft, a - 5.2a 

B.  6f = 45°} military power 
20,000 ft, a = 2.7°, L.G. up 

VR 

VR 

35 

36 

•  . •• 
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Type of tests Vertical 
Tail 

Figure 

C. 5f = 45° take-off pbwsr o = 7.5° 
D. flf = 45°  do a = 7.5° 

(end plates) 
E. frf = 45° take-off power a = 7.5° 

(extended) 
P. 6f = 45° take-off power a = 7.5° 
G. Gf = 450  d0_. a = 7.5° 
H. 6f = 45°  do a = 7.5° 
I. 6r = 45°  do a - 7.5° 
•J.' 8f = 45°  do a = 7.5° 

: .  6f = 45°  do a = 7.5° 

V13pl3 

V13Rl3 
V13R13E 

Vl4pl4 
VieRl3 
V16R16 
V14R14.5 
V19R19 . 
V20R20 

Zri 

3fl 
39 

40 
41 
42 
43 
44 
45 

VIII Tab deflection V14R14T 4C 

IX Computation of rudder deflection and 
pedal forces for trim 

B. Effect of end plates and tail ex- 
tension 

C. Effect of balance 

D. Balancing tab and bevel trailing 
edge 

3. '.-effect of balance 

VR           47 

V13Rl3      48 
V14R14 v16R16 

V18R18     ' 49 

V14R14       50 
V19R19)V20R20 51 

DISCUSSION 

Critical rudder-free condition. - An examination of varia- 

tion of Cn with ;/ on figures 21 and 22  shows that the worse 

flight condition from the standpoint of lack of restoring yawing 

moments at large angles of yaw i3 the take-off power condition, 

flaps down, and <- high angle of attack.  Placing rudder stops 

at +25° improved the condition but still laft the yawing 

moments far from satisfactory.  ('Then no stops -vere present 

the rudder deflection was limited by striking the stabilizer 

at a few degrees beyond 5^n. ) 
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It may be noted that the data for propeller windmilling dc 

not show the reversal of yawing moments shown by the ta'-e-cff 

power data.  This fact does not necessarily moan that ' 

rudder for the former case doe3 not have a destabilising float- 

tendency at large angles of yaw.  Examination of the 

tail-off curves (*ig. 23) 3huWs that the adverse increment in 

yawing moment caused by power is also present when the tail is 

off.  Thus the yawing-raoment reversal results largely from the 

effects of power on the wing-fuselage combination and it may be 

expected that it will be most severe when the power effects are 

greatest (low-speed, high-power condition). 

Effect of dorsal fins. - All of the dorsal fins improved 

the rudder-free Cn at large yaw angles.  In the two longest 

groups(length 1 and 2, figs. 24(a) and 24(b)J any of the dorsal 

fins eliminated the reversal of yawing moments for the yaw 

range tested.  In the shortest groups (length 3, fi;-. 24(c)) 

the two deepest dorsal fins provided the model with restoring 

moments in yaw for angles of yaw to -40°, while the shallowest 

two gave restoring moments in yaw up to about -35° of yaw.  It 

will be noted that the length of the fins along the fuselage is 

of more importance than the area of the fin.  Thus dorsal D41 

has about the same effectiveness as 1^3 in spite of the fact 

that the area of the former is about half that of the latter. 



- 14 - 

The dorsal fins produce a slight destabilising tendency 

around zero yaw, an effect which cannot be explained at pres- 

ent.   The slopes of the yawing-moment curves at ty = -40° 

indicate that many of the dorsal fins tested were not suf- 

ficiently effective to maintain restoring moments beyond 

.this angle.  It is probable that a dorsal fin which is 

effective up to 40° of yaw will be satisfactory since condi- 

tions for which larger angles would ba obtained will not very 

often be encountered.  Dorsal fins D41, D51, and D32 wore 

3el9cted as the smallest v/hich would meet the requirement 

that there be no reversal of yawing moment regardless of angle 

of yaw; hence, these do; SK.1 find were the ones used for subse- 

quent tests. 

5ffec-t of propellers. - Tha effect of adding single- and 

dual-rotation propellers on the yaw characteristics with power 

off ia shown, in figure 25.  The addition of the propellers 

progressively decreases the directional stability , which is 

to be expected in view of the side force produced by a yawed 

propeller.  The change in side force as measured, however, is 

not sufficient to account for the decrease in the slope of 

yawlng-moment curves. 

Characteristics of various vertical tails with Iree 

rudder. - With all the tails a reversal of yawing moments 

occurred at large angles of yaw (fig. 26).  The addition of 
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end plates or extension of the fuselage (fig. 27) improved 

the situation b\)t was no reredy.  The addition of a ouffi- 

eiently effective dorsal fin eliminated the reversal of yawing 

.moments for all tails (figs. 24, 27, 2±,  29, 30 and 31.) 

The antispin fins had a small adverse effect on Cn
-at 

largo ancle of yav\ (fig. 28).  Comparison of figures 28 and 

29 indicate that an increase in balance from minimum produces 

a small adverse increment in Cn at large yaw angles. 

The U3e of bevel trailing edge (fig. 31) produces a very 

irregular rudder-free yawing-moment curve.  This curve 

reflects the marked effect of the bevel on the floating ten- 

dencies of' the rudder.  The large yawing moments at zero yaw 

indicates that the rudder was floating at about 14° (see fig.43) 

probably as a result of an asvmrietric bevel. 

At small angles of yaw all the tails tested give about 

the same value of dCn/dty with rudder free as with rudder fixed. 

This is an indication that the rudder floating angles are 

about zero in the yaw range of +5°. 

Characteristics of variou3 vertical tail3 with rudder 

fixed. - The results of the tests with vertical tail VR for 

several conditions are shown in fit-ure 32.  For the 6f = 0° 

condition, power on or propeller windmilling, the model with 

this tail is neutrally stable directionally near zaro yaw. 
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'Vith    6f = K^0,    the stability is good for oil power condi- 

tions, with   ^Cn/fcty    becoming greater negatively with an 

increase in thrust.    The sudden chrnge in slope of    Cn curve 

for the    T0» • 0.8l,    Of = L50,  a = 9.70 condition at about I50 

of yaw must be caused by the combined effects  of the  large 

tail-off Instability for this condition,   the vertical tail 

being near the edrre of the slipstream and probably a vertical 

tail stall.     A dorsal fin would be exoected to  improve the 

condition considerably.     (This  tost was to have been run at 

military povrcr at ssa level.     Zy nist-i?re the  tunnel speed was 

incorrect,  causing a higher    Tc'    which corresponded to con- 

siderably more  than take-off oower.)    '7ith vertical tail 

V^-JRI?    thore is a similar reduction in directional stability, 

around zero -row with flrps neutral  (fij.  33(&))-    Th" sta- 

bility, however,  does not reduce to   zero    as for tail VR. 

Adr'ins end plates or extending the fuselage increased the 

stability as exoeetod.     With    6j = 0°,     the weathercock 

stability is good for all tbe   ->tber tails tested  (fig.   3k). 

Tail VR has good stability with    6f = U5°# military oower 

and    a = 2.7°    (figs.  32 and 36).    For    6f = K50,    take-off 

power,     a = 7.5      directional stability is good for all other 

tails as shown on the rudder test figures  (fig3.  37 to 1+3)- 

It is reasonable  to assume  that all tails tested will give 
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satisfactory.stability at small yaw angles  (rudder fixed) 

with power on and    6f = lj.50.     The model is  stable in roll 

with all tails tested.    2ffective dihedral varied from 

about lj    for taVe-off nower,    fif = 1*5°,    to about 6° 

or 7° for military power,    6f = 0°,    and windmilling, 
6> • 0 ^  n° or J4.50. 

Comparison of vertical tails.   - Hie  following table 

summarizes the lateral-stabi11 ty characteristics of the 

model with  the various tail arrangements for both rudder- 

fixed and rudder-free condttlone: 
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i  i . 

It will be noted that tall V19Rl9 has the same effec- 

tiveness as V!4R!4 in spite of the fact that it has about 

14 percent less area.  3stima'tes made of the effectiveness 

of the two tails indicate this result is due to the higher 

aspect ratio of Vl^RW. 

Rudder requirements., - The rudder control requirements 
i 

of reference 1 state,in general, that the rudder should be 

powerful enoxigh to overcome the. adverse aileron yawing moments, 

to provide trim at all conditions, and to provide the required 

spin-recovery characteristics.  The pedal force to meet these 

requirements should not'exceed 180 pounds, and should show no 

overbalance.  In addition to checking rudder control for the 

foregoing requirements, the variation.of rudder angle and force 

with yaw were also considered as an indication of the ability 

with which cross-wind ta>e-offs and landings and other maneu- 

vers requiring sideslip could be made (figs. 47 to 51). 

Rudder control at sero yaw. - Because of the dual-rotation 

propeller, there are no asymmetric moments at zero yaw in any 

steady condition, and the provision of trim is therefore no 

problem. 

Rudder control to overcome adverse aileron yawing. - 

Estimated rudder angles and pedal forces required to overcome 

tho adverse aileron yawing moment are given in the following 

table: 



- 20  - 

o rH   -J   OT 1 
(M cdUA 1 

bi>H TJ  SHH 1 C-CDrrorOtOCOa.'tfC"- 
Cll » o«^ 1  tO'l'lOnHOINHNN 
•rl «J OitH 1 
rH 

•Hin 1 1 
EW' o S    c i j) a in is ^^ln•lnolOl 
Xl II r.>QO 

«o o g-o 
i   ••••   •••••• 

C!   <M 1   1,C0'^,l-lr^«r^H'!J,'^, 

•rliO o° 1   r-ir-irH rH  HHHHrlH 

•lO 

£0 1 

O   1 i m 
P.  • 
OH c     o 

• M i  • i      .              ~^t 
1   rH                                                     ^ 

Ml I) OH n 1   O 
frl H3 <3»(:i 1      • 

O 13 rj O 1   O 
H   „, "^ 
01  8  W 0' 
|§rH 

t- H •* O tO t-rHOl  tO C- O 
U0 'D tO St< Cvl 03 C\i Cvl  H H W 

1 

9 i • 

« go 
t- o c- to H :i :o H H o I'J 
•  ••••    •••••• 

o t-n a m ntomiotoir. 
O  1 

•p f* t> m«c 
a 

C«)H 05 
O ?H c! 

t5 m <">                 ...      * 
883. 

o 

OTjcrj O Q 
rH 

t»4J <»-,  <D 
h r< <M <M   > 

h 
0 
| 

d      o i>                           >^ 
4J l_>        H                 .....   —j» 

0 O HO  5) 
| o, rH O,*  a) 
O •HO   OS  0 eu 

*< wco 
in o> <<                           w 

OH                               " 

O"  
<H 
o o in                                        ^ 

-*                                        > 

°ri 
OJ i> in                          ^ 
If) 0! C" 

0   • 
43  m 
OS   3 
rH   tn 
a 

H to        ••<# m 
<H H   Tj   +>H     •UD00OO 
a (S K K C   KCOtfHHHW 

En > >tO    a>    © << H   KCCKCC 
rH          rH (yrxu o>o 
>tO   tO   >«*< rHrH   HN 

H   H        H   > > >.> 
tt,   K        > 

to  lO 
H    H 
r"     r" 

§ 

faO 



- 21 - 

All vertical tails easily feet the requirements for overcoming 

adverse aileron yawing moments.  3ven if the mechanical 

advantare were based on ±30° rudder deflection instead of the 

rudder deflection required to overcome adverse aileron yawing 

moments the pedal forces would still he well under 180 pounds. 

The table indicates that tail v16R16 and V1^19 give the 

lowest pedal forces while VR and v13R12 with end plates give 

the highest. 

The anglss to which the airplane would yaw due to adverse 

aileron yawing moment with rudder fixed were not computed 

because of insufficient data.  The indications -ire, however, 

that the angles will be well below the 20° maximum specified 

by reference 1. 

Rudder control for spin recovery. - Snin recovery tests 

were mide on a l/22-scale model of the XP-62 airplane in the 

NACA spin tunnel for certain vertical tails.  The results, 

which are unpublished, are summarized in the follow!nr 

table: 

Tail Rudder 
range 

3ati3 factory 3a t. pedal 
force, It- 

VR 
VR with end plates and reduced 

rudder chord 

+3C Yes 

Yes 

s'00 

<180 

V^R11..? with area increased 
10 peresnt 
Same with antispin filists 

+25,+20 

±20 

Ho 

Yes 

V21T,21 

V21R21 

V^R " with dorsal and antispin 
fillets 

±30 
±20 
±30 

Yes 
Doubtful 

Yes 
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yllRll.S with area increase 10 percent is practically identical 

with V14R14, V^R16, and V18R18. 

V21F21 ia the same as v19R19 and V20R20 except that balance 

area is 2.63 square feet for v2^*1 full scale. 

Satisfactory recovery depends on the pilot being able to 

quickly deflect the ruddor full against tho coin.  Three hundred 

pVunda pedal force Is, of course, too large; 180 pounds, or» los3 13 

acceptable.  The dorsal fins are apt to have an adverse ofteet 

on spin recovery. 

The indications are that the spin recovery requirements 

will be the critical requirement with regard to rudder control 

characteristics on this airplane. 

Rudder control in sideslip. - The results of tests of the 

various tails with rudder deflected to several angles ure 

shown in figures 35 to 45.  The computed pedal forces and 

rudder deflections for trim plotted against angle of steady 

yaw are shown in figures 47- to 51.  In general, dC^/Vl/  *-s 

zero or slightly positive for small angles of yaw but becomes 

negative at large angles of yaw. 

The estimated pedal forces for tail VR are shown in 

figure 47.  Lack of stability with 6f = 0° and zero dCh/dty 

at small angles of yaw would result in a loss of control feel 

under this condition (fig. 35).  Since tail VR was not tented 

under the same conditions of oo^er and C^ as were tho other 

tails no direct comparison is possible. 

I 
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Tail v^R13 gave padal forces up to 300 pounds. 

(See fig. 48.)  These forces increased when the fuselage was 

extended, and when end nlales were added to the horizontal 

tail.  When, however, the deflection of vl3Rl3 alone wa3 

restricted so that the maximum sideslip angle possible was 

18° (the value for the most ineffective rudder at 30° 
i 

deflection) and the mechanical advantage changed accordingly 

the pedal force was reduced to about 130 pounds.  Only minimum 

balance was tested with V13Rl3, so that the pedal forces for 

this tail with extended fuselage or with end plates might be 

reduced by using a balanced rudder. 

The effect of balance is shown in figures 40, 41, and 42 

(vertical tails v!4R14# v
16Rl6f and VlBRl8).   nth the large 

balance  (V10R18), 30° of rudder deflection will not trim the 

model with the particular dorsal fin used (Dsi) in the yaw 

range tested so that it i3 not laiown how far beyond 40° the 

model will yaw.  ,i reversal of pedal force also results for 

this case at about 28° yaw.  Limiting the rudder angle below 

27° should remove the reversal of oedal force.  The larg9 

balance  (V^R12) was effective in reducing pedal forces. 

The medium balance  (V16R18), however, showed an increase in 

pedal force over that for the minimum balance at moderate 

angles of yaw.  ITo explanation is forthcoming at present to 

account for the failure of the medium balance to decrease hinge 

moments.  In this connection it may be pointed out that the 
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Reynolds number at which the tail wn.« opsratinr was very small 

and the effect of scaJe on binge moments is known to be larg-3. 

Thus,tha hinge momenta measured on the l/9-scale model are 

probably not very reliable as indication* of the exact magni- 

tudes of tli-3 forces to be expected on the airplane.  The 

results? of tests of 0.45-scale model3 of tails V'4R14# V
1
^.

16
, 

and V*®Rl8 (r^f'-jrence 3) \r\*\ eate that the medium and large 

pverhahps Tive the expected reductions in hlmre moments.  An 

analysis of the airplane pedal forces, using these data, will 

be made.  Yv'hen the maximum yaw (\l>  ) is lirr.itad to 1G°, the 

oedal forces for all of the balances are substantially reduced. 

With the bevol-trailing-edge rudder (V14R14.5 ) a rever3al 

of pedal force occurs at small angles of yaw, and 6Cfc/d\!/ is 

hightly positive (fig. 43).  This condition could probably 

be grsatly improved by sealing the gap between the fin and 

rudder.  The hinge-moment coefficient is quite large at zero 

rudder and zero yaw indicating 3ome asymmetrical condition. 

Rough estimates indicate that a difference of about 7° between 

the two sides of the bsvel could give the asymmetry shown in 

these results.  Because of the small size of the model such 

a difference is possible. 

For the tails V19Rl9, V20R20 (fip3. 44 and 45) the 

effect of a small chang9 in rudder balance on hinge moments 

was the same as for tails Vl4pl4 anti V!6R16.  Both V
19Rl9 
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and    v^R^O    have pedal forces exceeding 180 rounds but the 

forces for    V^0R20    are  somewhat reduced   vhen i< is 
max 

limitec? to 1H°.  Comparing figures 49 and 51 .(tails 714R14 

and \A3Rl9) the reduction in pedal forces resulting from the 

smaller chord is somewhat graater than "-ould be expected 

through r.ost of the yaw range.  At large angles of yaw the 

force reduction is smaller than would be expected.  The pedal 

force required to overcome the adverse ailjror. yawing moments 

is considerably educed by using the snaller chord rudder. 

The tab was vary effective in reducing pedal forces when 

connected a3 a balancing tab (figs. :i6 a; d 50).  Pedal forces 

given on figure 50 for the tails v14R14*5 and V14R14T are 

all below ISO oounds for a ty  „   of 18° but only V14l;14T 

with 6^.:5r = -1:1 requires las3 than 180 pounds for a £0° 

maximum rudder deflection.  The fact that the pedal forces 

for the -1;1 tab are linear with \|/ while the -l/2:l tab are 

irregular wj.th \Jr is largley coincidental, because the i-esults 

are derived from small differences of large values of Cy, 
"r 

so cannot bo considered very tillable. Presumably the addi- 

tion of a balancing tab to any of the rudders would result in 

a similar reduction in ^edal forces. 

CONCLUSIONS 

1. 'A'ith ta!ce-of power and flap3 deflected thd model, 

with rudaer frise, showed reversal of yawing moments at large 

angles of yaw for all the vertical tail3 tested. The addition 
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of a proper dorsal fin improved this condition 30 that all 

vortical tails were satisfactory in this respect at least 

to 40° yaw. 

2. Directional stability, with flaps neutral (rudder 

fixed) at small angles of yaw was obtained for all tails 

tested extent the original tail (VR) which had very low or 

zero stability.  On this oasis, tail VR was considered un- 

satisfactory.  '#hen flaps were deflected av". with porer all 

tail3 *~av<} satisfactory stability.  Tail V19R!9 was the 

smallest tail which would five satisfactory weathercock sta- 

bility for all eruditions considering a value of 6Cn/6\]/ of 

about -0.001 as baincc the criterion for satisfactory direc- 

tional stability. 

3. All of the vertical tails tested had satisfactory 

rudder effectiveness for the flight conditions for which they 

were tested, and it is believed the tails tested would have 

satisfactory rudder effectiveness for all normal flight condi- 

tions. 

This situation results partly from the fact that, because 

of the dual-rctation propeller, there are no asymmetric yawing 

moments at sero yaw winch nocessitato lar^e rudder deflections 

for trim.  Sufficient rudder control to overcome th3 adverse 

aileron yawin.c moments was supplied b\r all the vertical tails. 

Probably the ~.03t savere rudder requirement in the present case 
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is the spin recovery requirement and any requirement v;hich 

may be made as to cross-wind take-offs and landings. 

4. Pedal forces in sideslips were undesirably large for 

soma of the tails but may be easily reduced.  The rudder with 

the bevel trailinp ad?e gave a rsversal in pedal forces at 

small angles of yav--.  With flaps neutral tail VR would pro- 

bably lack control feel at small angles of yaw. 

5. The smallest pedal forces for overcoming adverse 

aileron yaw were given by tails V13R18 ana \A9R19. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., July 1, 1943. 
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MODIFIED NACA 0009-64 AIRFO\L 

TOTAL AetA .452 H* 
RUDDER AREA AFT H.L.   .244 <t2 

BALANCE AREA 
ASPECT RATIO 
RMS RUDDER CHORD 

1.63 
•Z60 4+ 

NATIONAL ADVISORY 
COMMITTEE FOR AIR0NAU1I 

FiGUQE    3."   PlA^   M4D   SKT\ON   VIEWS   OFTAJLVR   ON   ^SCALE 
XP-62    AIRPLANE "MODEH-. 
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SECTION* C~C 

-TABLE - 
TAIL BALANCE AREA 
v*n" MINIMUM 
v»Ri» .0521 ft' 
\/-R" Oft73ft« 
V"R" MINIMUM 1EVELT.E. vm MINIMUM TAB 
TOTAL AREA OT EACH .626 ft* 
RUDDER AREA JMIfl' 
RMS CHORD .216 ft 
ASPECT  RATIO   2*1 

SCALE,     IN 

Mimu «wrom 
cmumiu tut MMWUII 

FIGURE:   IZ.- PLAN  AND SECTION VIEWS   OF   V'*R'*)V"P",V,*H",V'4HM-5 AND 
V'*R"T    VERTICAL TAILS fON     /9-SCALE     XP 62     AIRPLANE   MODEL. 
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SECTION C  C AFT OF HINIGC 
SIDES   ARE  STRAIGHT 

-TABLE- 
TAIL BALANCE AREA 
V^R" MINIMUM 
V*RM     0212  ft* 
TOTAL AREA OF EACH .536 ft* 
RUDOER   AREA .162 ft* 
RMS   CHORD 141 ft 
ASPECT    RATIO 2.82 

h °8 

END OF   FUSELAGEJ 

<. RUDDER   HINGE 

I ' 
} 6 
SCALE,  IN. 

FIGURE  14.    PI AN   AND   SECTION   VIEW,   OF V"R" «NU vBf"   /ERTICAL 
TAILS    ON   '/fc-SCAl K   /P-fe*   AU'K.ANF; MODEL. 
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F/^e  17(a). - fwtfepih   fillets   /esW 
0/7    XP-6Z model  ('/e scale) 



Fipure 17(b).-   Three-quarter top view of tail root showing- antispin 
fillets and dorsal fin Dgi. 
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Wind  direction 

NATIONAL ADVlbURY 
COMMlIItt FOR AtHUNAbllUo 

Wind direction 

Figure l8.-Nota-rton   of the   system   of cues   used 
and  the control surface  hinge  moments   and 
deflections.    (Arrows   indicate   positive   values.) 
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